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OBSERVATIONS ON THE SEWERAGE SYSTEMS AND 
WATER SUPPLIES OF THE CITIES OF CHICAGO AND 
ST. LOUIS, AND THE SANITARY INVESTIGA- 
TIONS OF THE ILLINOIS, MISSISSIPPI 
AND MISSOURI RIVERS, 

By JAMES A. EGAN, M. D., 

SECRETARY. 

What shall be the effect of the Chicag-o Drainag-e Canal upon the water 
supply of the city of Chicago, which is drawn from L/ake Michigan, and upon 
the water supply of the city of St. L/Ouis, which is drawn from the Mississippi 
River, is the sanitary problem which apparently g"ives most concern to these 
two great cities, and through these cities Illinois and Missouri are interested 
and involved. 

From the time the city of Chicago first began to develop into a trading- 
post of some importance, the citizens have had to rely upon Lake Michigan 
for water for domestic use. In the early days the water was distributed 
•throughout the city by water carriers, who would fill their water carts from 
the lake with buckets and distribute the water to the citizens. About fifty 
years ago the first water works system for distributing water by means of 
pipes was constructed in Chicago, and from that time the water supply sys- 
tem has been developed until today it represents millions of dollars of in- 
vestment, hundreds of miles of distributing mains, and supplies water to 
about two million people, or more than one-third of the population of the 
state of Illinois. The water supply is still taken from Lake Michigan, but 
instead of being drawn from near the shore as formerly, it is now taken 
through tunnels which extend from two miles to four miles under the bottom 
of the lake to where the intake cribs have been located. These tunnels have 
been built under the lake at great cost for the purpose of securing pure water 
from Lake Michigan, but with onlj' partial success. 

Very soon after the introduction of a water supply system the necessity 
of a public sewerege system became app jrent to the citizens of Chicago. The 
natural and only outlet for sewage and surface drainage was into Lake 
Michigan, either direct, or by first draining into the Chicago River, which 
flowed through the heart of the city and into the lake. In the early days, the 
Lake Michigan water was pure and wholesome, even near the shores, but as 
population increased and the amount of drainage and sewage also increased, 
the pollution of the waters near the shore occurred at first and finally the 
effect of the sewage reached far beyond the water works intakes. It became 
apparent to the health authorities of Chicago over thirty years ago that the 
sewage of that city must be diverted from Lake Michigan as a means of pro- 
tecting the purity of the city water supply* The Illinois and Michigan 
Canal, which was built to furnish steamboat navigation between Lake Michi- 



* See Report of Sanitary Investigations of the Illinois River and Its Tributaries, Illinois 
State Board of Health. 1901. 



gan and the Illinois River, was looked to as a possible means of diverting" 
the sewage, and the level between Bridgeport and L/Ockport was lowered so 
as to allow of a gravity flow from Lake Michigan through the Chicag-o River 
and the canal into the DesPlaines River at Lockport. For a few years this 
gave relief but the sewage of Chicago increased rapidly and by reason of the 
large industries centered about the stock yards, the gravity flow of the Illi- 
nois and Michigan Canal was insuflicient to take all of the Chicago sewag-e 
and prevent the flow of sewage through the Chicago hiver into Lake Michi- 
gan. When this condition again menaced the city water supply, a pumping 
plant was established at Bridgeport in the city of Chicago, which pumped 
the water from the Chicago River into the Illinois and Michigan Canal, 
thereby increasing the flow in the canal to such an extent that substantial 
relief was temporally secured. It was apparent, however, that the Illinois 
and Michigan Canal would soon be inadequate under any conditions to carry 
the sewage of Chicago and prevent its entrance into Lake Michigan. In 1886 
a Sewage Commission was appointed which reported in favor of a drainage 
canal, much larger than the old Illinois and Michigan Canal, which should 
be constructed so as to connect the Chicago River with the Des Plaines at 
such a level that a gravity flow could be maintained sufficient to carry away 
all the Chicago sewage with enough lake water to dilute such sewage so that 
it would not be a menace to the inhabitants of the Illinois Valley. Acting 
upon the report and suggestions of this Commission, the Sanitary District of 
Chicago was organized and the main drainage channel was completed and 
opened for service on the 17th day of January, 1900, since which time it has 
been in continuous use. 

Prior to the construction of the Drainage Canal the sewers of the city 
of Chicago had been constructed with their outlets either directly into Lake 
Michigan or into the Chicago River, according to location and topography. 
With the drainage canal in operation, the flow of the Chicago River is per- 
manently changed, so that instead of flowing into Lake Michigan, it now 
flows from Lake Michigan carrying a large quantity of Lake Michig-an 
water through the Chicago River and the main Drainage Channel into the 
Des Plaines River at Lockport, so that all the sewage which discharges into 
the Chicago River is carried away from the lake. It became necessary that 
the sewers discharging into the lake should be intercepted or reversed and 
plans have been prepared by the city and the works are now under construc- 
tion which will intercept the sewage, heretofore going into the Lake, and 
discharge the same into the Chicago River principally by way of the 39th 
Street and Lawrence avenue conduits. A more detailed description of the 
water supply, sewerage system and the Chicago River will follow. 

The Illinois River has a total water shed or drainage basin of about 27,000 
square miles, a small portion of which is in southeastern Wisconsin and 
another portion in northwestern Indiana. The Illinois River is formed by 
the confluence of the Des Plaines and the Kankakee about 40 miles south- 
west from Chicago. From this point it continues in a southwesterly direc- 
tion through the State of Illinois until it reaches the Mississippi River. The 
Mississippi and Missouri Rivers drain nearly all of the territory west of the 
basin of the Great Lakes and east of the Rocky Mountains in the United 
States. The city of St. Louis is located upon the west bank of the Mississippi 
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River and takes its water supply from that river at the point known as 
Chain of Rocks which is about 7 miles below the mouth of the Missouri 
River. The Illinois River empties into the Mississippi River about 25 miles 
above the mouth of the Missouri River. The city of St. Louis discharg-es 
its sewage into the Mississippi River at various points all below its water 
works intake. The water of the Missouri River, flowing- along- the west shore 
and mingling with the Mississppi, contributes very largely to the quality of 
the water as it is found at the water works intake at Chain of Rocks. The 
Illinois has a very much smaller drainage area than the Missouri; the entire 
drainage area of the Illinois being within the central and northern portion 
of Illinois and extending thirty or forty miles into Indiana and Wisconsin. 
The Illinois River brings with it the flow of the sanitary canal of the city 
of Chicago and receives the sewage of other cities located upon its banks 
and upon the banks of its tributaries in the State of Illinois. The territory 
drained by the Mississippi River above its confluence with the Illinois, has 
several times the area of the territory drained by the Illinois and the area 
drained by the Missouri is greater than both. Into the Mississippi and 
Missouri Rivers, the sewage of all the cities located upon their banks and 
upon the banks of their tributaries, is discharged. At Omaha and Kansas 
City, on the Missouri River especially, are stock yards and packing indus- 
tries which discharge quantities of organic matter into the river. The sim- 
ilar industries at Chicago are among the chief contributors of organic mat- 
ter to the waters passing through the Chicago Sanitary Canal, so that the 
origin of organic matter found in the Missouri and the Illinois rivers is quite 
similar, viz drainage from agricultural lands, cities, and much the same 
kind of manufacturing industries. 

A brief description of the St. Louis water works will follow. 

The Engineer of the Board, Mr. Jacob A. Harman of Peoria, has pre- 
pared two maps which are herewith attached; one showing the state of 
Illinois and the Illinois water shed From this map the relation of Chicago 
to St. Louis and the point of entrance of the Illinois and Missouri Rivers 
into the Mississippi River will be noted. The other map shows the city of 
Chicago, the Sanitary District of Chicago and vicinity, the location of the 
water works, intake cribs, tunnels, pumping stations, the Illinois and 
Michigan Canal and the main drainage channel. The main drainage 
channel and the intercepting sewers also are shown upon this map and are 
printed in red. These two maps will show the relation of Chicago drainage 
to the Chicago water supply and the St. Louis water supply. These maps 
are to be found at the end of this report. 

To show the relation of the principal tributaries of the Illinois River, the 
junction of the Illinois Rivy with the Mississippi River and the St. Louis 
water works intake, the following chart has been prepared, representing the 
distances by scale. 
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CHICAGO CITY WATER SUPPLY. 



The city of Chicajjo takes nearly all its water supply from Lake Michi- 
gan, through tunneJs at four diflferent points. In addition to the water re- 
ceived from the tunnels at these four points, the Rogers Park Water Com- 
pany supplies that portion of Chicago which was originally the village of 
Rogers Park through a 16-inch intake pipe extending 1,200 feet into the lake. 

Norwood Park is supplied with water from an artesian well. Washing- 
ton Heights was originally supplied with water from an artesian well, but 
the flow from the well has decrea>ed until it is very small and part of the 
water pumped at this station now is supplied from the Sixty-eighth street 
pumping station through the distrrt)utio« mains. 

The lake tunnels, which furnish Chicago with its principal supply of 
water, are designated as follows: The Lake View tunnel, six feet in diameter, 
connecting with the Lake View crib two miles from the shore; the Chicago 
Avenue tunnels, four in number, one ten feet in diameter extending to the 
Carter H. Harrison crib two and one-half miles from shore, two seven feet 
and one five feet in diameter, extending to the two-mile crib, wh ch is two 
miles from shore; the Fourteenth Street tunnel, being two six-foot tunnels 
joining about two miles from shore, thence continuing an eight-foot tunnel 
to the four-mile crib, which is four miles from shore; the Sixty-eighth Street 
tunnel, seven feet in diameter, extending to the Sixty-eighth Street crib, 
two miles from shore. 

Intake Cribs, — There are five cribs as indicated, viz. : The Lake View 
crib, out from the Lake View pumping station at Montrose Avenue; the Car- 
ter H- Harrison crib and the two-mile crib, out ffom the Chicago Avenue 
pumping station; the four-mile crib, out from the Fourteenth Street pump- 
ing station; and the Sixty-eighth Street crib, out from the Sixty-eighth 
Street pumping station. The plans of the Water Department of the city of 
Chicago contemplate extending the tunnels now connecting with the two- 
mile crib out to the Carter H. Harrison crib and the abandonment of the 
two-mile crib, which will reduce the number of cribs to four and remove the 
intake for a large portion of the city's water supply one-half mile further 
into the lake. 

Lake Tunnels — The first tunnel was constructed at Chicago Avenue and 
was five feet in diameter, being completed March 25th, 1867. A seven-foot tun- 
nel parallel to the first was completed July 12th, 1874. These tunnels were each 
two miles in length, connecting with the two-mile crib. The other tunnels 
have been built and some of them extended, from time to time, until the 
present. These tunnels have a combined capacity of 415,000,000 gallons of 
water per twenty-four hours. The average amount of water pumped daily 
during the months of June, July and August, 1900, was 327,000,000 gallons. 

Pumping Stations, — Besides the Rogers Park, Norwood Park and Wash- 
ington Heights pumping stations, which supply only small isolated districts, 
there are eight principal pumping stations connected with the lake tunnels 
above described. These stations are designated and located as follows: Lake 
View pumping station, near the lake shore on Montrose Avenue, taking its 
water supply from the Lake View crib; Chicago Avenue pumping station, lo- 
cated on the lake shore at Chicago Avenue, taking its water supply from the 
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two-mile crib, also having- a six-foot supply connection with the ten-foot tunnel 
from the Carter H. Harrison crib; the Fourteenth Street pumping station, lo- 
cated on the lake shore at Fourteenth street, taking- its water supply from 
the four mile crib; the Sixty-eighth Street pumping station, located on 
the lake shore at Sixty-eighth street, taking its water supply from 
the Sixty-eighth Street crib; the Harrison Street pumping station, located on 
Harrison street near South Halstead street, supplied by land and lake tun- 
nels connecting with both the two-mile crib and the four-mile crib; the 
l^ est pumping station, located at Twenty-second street and Ashland Avenue, 
being" supplied by land tunnels connecting with both the two-mile crib and 
the four-mile crib; the Central Park Avenue pumping station, located on Cen- 
tral Park avenue near Twelfth street, being supplied by land and lake tun- 
nels connecting with the Carter H. Harrison crib; the Springfield Avenue 
pumping station^ located on Springfield Avenue near Courtland street, being 
supplied b)' land and lake tunnels connecting with the Carter H. Harrison 
crib. The capacities of the pumping stations are as follows, viz.: 

Station' Gallons 

:5TATiON. per 24 hours. 



Lake View 45,000.000 

Chicagro Avenue ' 99,000,000 

Fourteenth Street 84,000,000 

Sixty-eighth Street 82.000.000 

JHarrison Street ' .36.000,000 

West 60.000,000 

Central Park Avenue 60.000,000 

Sprinplield Avenue i 60,000,000 

Norwood Park 1,000,000 

Rogers Park i 2.500,000 

Washington Heights i 2,500,000 



Land Tunnels — The lake tunnels, extending from the intake cribs to the 
pumping stations located upon the shore of Lake Michigan, have been de- 
scribed above. In addition to these there are land tunnels connecting- the 
pumping stations which are not located upon the lake shore, with the lake 
tunnels. A ten-foot land tunnel, connecting with the Carter H. Harrison 
lake tunnel, extends southwesterly under the city to a point in the vicinity 
of Green street and Kenzie street, where it divides into two six-foot tunnels, 
one leading northwesterly to the Spfingfield Avenue pumping station and the 
other southwesterly to the Central Park Avenue pumping station, 

A seven-foot land tunnel starts from the shore end of the three tunnels 
leading to the two-mile crib at Chicago Avenue, extends southwesterly under 
the city to the Harrison Street pumping station, thence continuing- on its 
course to the U^est pumping station, 

A seven-foot land tunnel also extends from the shore end of the four-mile 
crib continuing in a westerly direction under the city to the Harrison Street 
pumping station. 

l^ater Distribution Mains. — From each of the eight pumping stations de- 
scribed, water mains of large dimensions radiate throughout the city. The 
system of water mains is cross-connected so that the entire system of mains 
can be filled from any one of the pumping stations. Owing, however, to the 
consumption of water in the vicinity of each station, the water pumped 
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from any one station will g-enerally cover a certain district, the boundary 
of which will vary slightly from time to time. 

CHICAGO RIVER. 

The Chicag-o River drains the surface water from a strip of territory ex- 
tending from Eighty-seventh Street, which is the south boundary of the 
Sanitary District of Chicago, north to a point opposite the north line of 
Waukegan; a district from north to south of about 45 miles. The width of this 
water shed from Eighth-seventh Street to the north limits of the city of 
Evanston is approximately nine miles. From Evanston north to Waukegan, 
the width diminishes and the east line of the water shed recedes more or less 
gradually from the west shore of Lake Michigan until it is three miles 
west of the lake at Waukegan. 

The total area of this water shed is 270 square miles; 98 square miles of 
which is tributary to the south branch and 172 square miles tributary to the 
north branch. Under existing conditions the Chicago River must furnish 
an outlet for all storm water and natural drainage for this territory. 

East of the drainage basin of the Chicago River, there are certain tracts 
of land which drain directly into Lake Michigan; from the north line of the 
city of Evanston to Waukegan this land varies in width from one to three 
miles. From North Avenue to the north limits of Evanston, the strip of 
land tributary to Lake Michigan is not over one mile wide and contains an 
area of 9 square miles; 4.7 square miles of which is in the Sanitary District 
of Chicago and 4.3 square miles in Rogers Park and Evanston; Rogers Park 
now being within the City of Chicago, but not within the Sanitary District 
of Chicago. 

South of the mouth of the Chicago River and extending to the water 
shed of the Calumet River, is an area of 31. S square miles draining directly 
into Lake Michigan, of which 25.5 square miles is in the Sanitary District of 
Chicago and 6 square miles south of the Sanitary District of Chicago, all 
being within the limits of the citv of Chicago. 

The Chicago River has two principal tributaries known as the north 
branch and south branch. The north bratjch receives the natural drainage 
and sewage of 172 square miles of territory. The FuUerton conduit was put 
into operation January 9, 1880. This conduit is 12 ft. in diameter and extends 
along Fullerton Avenue from Lake Michigan to the north branch of the 
river where a pumping station is located. This pumping station is to deliver 
Lake Michigan water into the north branch of the river for diluting the 
sewage and flushing the stream. The natural outlet of the north branch is 
through the main river into Lake Michigan. 

The south branch of the Chicago River drains 98 square miles of Chi- 
cago territory and has one tributary known as the south fork of the south 
branch; the south fork leads to the Stock Yards slip, located on Thirty-ninth 
Street, which receives the sewage from the Stock Yards and packing in- 
dustries. The south fork extends west as far as Western Avenue. 

The Chicago River, since the opening of the main drainage channel 
which connects with the south fork at Robey Street, is made to flow west- 
ward into the DesPlaines River, instead of into Lake Michigan. The flow from 
the north branch, instead of flowing put through the main river into Lake 
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Michigan, joins with a stream of Lake Michigan water flowing throug-h the 
main liver and through the south branch to the main drainage channel. 
The south fork of the south branch joins the south branch near Bridg-cport 
where pumping works are located which lift the water from the south fork 
into the Summit level of the Illinois and Michigan Canal, whence it flows 
westward. Prior to the opening of the main drainage channel, the pumping 
works were operated by the city of Chicago for the purpose of discharging 
sewage into the Des Plaines River by way of the Illinois and Michigan Canal 
and thus prevent the contamination of Lake Michigan, but the capacity of 
the pumping works and canal being too small, led to the construction of the 
main drainage channel. Since the opening of the main drainage channel 
the pumping works at Bridgeport have been operated to maintain a stage of 
water sufficient for navagatiou in the Summit level in the Illinois and 
Michigan Canal. 

All of the flow from the south fork which is not pumped at Bridgeport 
into the Illinois and Michigan Canal flows into the south branch of the 
Chicago River, thence to the main drainage channel. 

On August 19, 1900, the flow of the south fork of the south branch was 
less than the amount of water being pumped by the Bridgeport pumps, so 
that a part of the water being pumped was supplied from the south branch. 
This condition will generally prevail when the Bridgeport pumps are in 
operation, except during freshets. 

When the intercepting sewerage systems are completed the Lawrence 
Avenue conduit, 16 feet in diameter, will be used to supply Lake Michigan 
water to dilute the water of the north branch, and the 39th Street conduit, 
20 feet in diameter, will be used to supply Lake Michigan water to dilute the 
water of the Stock Yards slip and the south fork of the south branch of the 
Chicago River. 

The volume of water which will pass through the Lawrence Avenue and 
39th Street conduits, is a part of the amount required by the Sanitary 
District law. 

CHICAGO INTERCEPTING SEWER SYSTEM. 

At the present time the city of Chicago is constructing a system of in- 
tercepting sewers for the purpose of diverting the sewage which now flows 
into Lake Michigan to the Chicago River and Drainage Canal. 

During 1898 two sewerage systems which originally emptied into Lake 
Michigan were *'reversed*' and now empty into the Chicago River. These 
are known as the Twelfth-street and Twenty-first street sewers, and 
connect with all of the sewers south of the mouth of the Chicago River as 
far as Thirty-first street. From Thirty-first street south to Seventy-third 
street all of the sewage east of State street now flows into Lake Michigan, 
sewer outlets being located at the following streets, viz.: Thirty-fifth 
street. Forty-first street. Forty-second street. Forty-fourth street, Fifty-first 
street. Fifty-third street. Fifty-fifth street. Sixty-first street and Seventy- 
third street. From Seventy-third street south to Eighty-seventh street, no 
sewerage system has been constructed. From Eighty-seventh street south 
to the Calumet, a district extending west about a mile from Lake Michigan, 
has been drained into the Calumet River. 



The intercepting sewer system on the soulh side, which is now under 
construction, includes a twenty-foot conduit on Thirty-ninth street extending 
from Lake Michigan to the Stock Yards slip on the south fork of the south 
branch of the Chicago River. Into this conduit intercepting sewers located 
along the lake shore from Thirty-fifth street to Fifty-first street, thence ex- 
tending southward to Seventy-ninth street, are being constructed. These 
intercepting sewers, when completed, will divert to the Drainage Canal all 
of the sewage that is now flowing into Lake Michigan between Thirty-fifth 
street and Seventy-third street and also the sewage from the proposed 4ewer 
system which will drain the territory lying between Seventy-third street and 
Eighty-seventh street, I^ighty-seventh street being the south boundary line 
of the Sanitary District of Chicago. When these works have been completed 
all of the sewage of Chicago, south of the mouth of the Chicago River as far 
as Eighty-seventh street, will be diverted from Lake Michigan, and the Cal- 
umet District will still discharge its sewage by way of the Calumet River into 
Lake Michigan with n about three miles of the Sixty-eighth street intake crib. 
North of the Chicago River, as far as Lincoln Park, the sewage now 
flows into the Chicago River. From Lincoln Park to the north city limits, 
being also the south limit of the city of Evanston, the sewage of about 
250,000 population flows into Lake Michigan at frequent intervals from 
about 22 separate sewer outlets. To intercept this sewage and divert it from 
Lake Michigan, the intercepting sewerage system of the north side contem- 
plates the construction of a sixteen-foot conduit in Lawrence Avenue extend- 
ing from Lake Michigan to the north branch of the Chicago River. Leading 
into this conduit will be main intercepting sewers extending along the lake 
shore to be connected with all of the sewers now discharging into Lake 
Michigan. 

Since the opening of the Drainage Canal and the changes made in the 
Twelfth street and Twenty-second street sewers the sewage still discharging 
into the lake between Eighty-seventh street and the north city limits is 
equivalent to the sewage of about 500,000 population. This sewage will be 
diverted to the canal by the completion of the north side and south side in- 
tercepting sewer system and the Lawrence avenue and Thirty-ninth street 
conduits now under construction. 

In addition to receiving the sewage from the intercepting sewers, the 
Lawrence avenue conduit is being constructed for the purpose of furnishing 
lake water with which to flush and dilute the north branch of the Chicago 
River. The pumping station will be located at the river end of the conduit. 
The Thirty-ninth street conduit is to be used in a similar way to flush the 
Stock Yards slip on tl^e south fork of the south branch of the Chicago River; 
the pumping station will be located at the lake end of this conduit. 

POPUI.ATION AND AREAS. 

The total area lying south of the Chicago River in which sewers are being 
completed, and now discharging its sewage directly into Lake Michigan, 
which area is bounded on the north by Thirty-first street, on the south by 
Seventy-fifth street, on the west by State street, is 7,983 acres and had an 
estimated population, by school census in 1898, of 162,208. The area of the 
district having no sewerage system, from which sewage will be discharged 
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into the intercepting- seweraf;'e system, and located between Seventy-fifth 
street and Eighty-seventh street, is 728 acres and had an estimated popula- 
tion of 18,399. North of the Chicag^o River there is a sewer system area of 
3,419 acres draining" into Lake Michig-an, which has a population of 25,400. 
The sewage from this entire area will be diverted fr m Lake Michig-an by 
the completion of the intercepting sewerage system of the Lawrence avenue 
conduit. 

ST. l,OUIS WATER SUPPI^Y. 

The city of St. Louis obtains its water supply from the Mississippi River 
about 1500 feet from the Missouri shore at the point known as Chain of 
Rocks. Chain of Rocks is seven (7) miles below the confluence of the Miss- 
issippi and Missouri Rivers and ten (1 ) miles above the Eads Bridg-e. The 
city of St. Louis occupies the right bank of the Mississippi River, from a 
point one (1) mile above Chain of Rocks, down stream for a distance of nine- 
teen (19) miles. For a distance of four (4) or five (5) miles down stream from 
Chain of Rocks, the valley on the Missouri side, is very narrow and is used 
for gardening and farming. This portion of the city was annexed so as to 
include the site of the water works improvements. The main part of the 
city lies along the west shore of the river and extends back several miles 
from the river, beginning about (5) miles south of Chain of Rocks, thence 
south to the southern limits. 

Bissell's Point is located six and one half (6>^) miles below Chain of 
Rocks and is the location at which the city formerly took its water supply 
from the Mississippi River. In 1895, the new pumping station and settling 
basins being completed at Chain of Rocks, the river supply at BisselTs Point 
was discontinued and since that time all the water has been supplied to the 
city from Chain of Rocks. When the water works pumping station was 
located at BisselPs Point it was far above the city and beyond any source of 
local contamination from sewage, but the growth of the city made it necess- 
ary to change the location of the pumping station from Bissell's Point to a 
point further up stream to avoid direct contamination of the city's water sup- 
ply by its own sewage. 

The Mississippi River water at Chai n of Rocks is always turbid. When the 
waters of the Missouri River are high the turbidity is very much greater 
than under other conditions. High waters in the Mississippi produce a con- 
siderable amount of turbidity for short periods of time. The large amount 
of turbidity always present in the Mississippi River at Chain of Rocks is 
due, in most part, to the water from the Missouri River. This turbidity is 
caused by suspended organic and iorganic matter, the greater part of which is 
very minute particles of earth. This turbidity does not in itself render the 
water unsafe for drink, but makes it very objectionable for all domestic and 
manufacturing purposes. 

In order to reduce the turbidity and purify the water supply, large res- 
ervoirs have been constructed into which the water is pumped and allowed 
to stand for a number of hours or days and part of the suspended matter set- 
tles to the bottom of the reservoir, after which the more or less clarified 
water is drawn off and distributed to the city through the water mains. A 



number of these reservoirs or "settling- basins,** as they are called, were 
constructed at Bisseirs Point and used in connection with the pumping- 
station, when the water supply was taken from the river there. Another set 
of settling- basins was constructed at Chain of Rocks which are now used for 
that purpose. Larg-e quantities of mud are deposited each year in the bot- 
tom of the settling- basins and this mud is removed at intervals by scrapers 
or by other means. The clarification and purification eflfected by the set- 
tling process has never been entirely satisfactory? as the water, though very 
much improved over its condition when pumped from the river, is neither 
clear nor pure. For a great many years the city of St. Louis has been con- 
sidering the question of pure water, and its officials have from time to time, 
devised and recommended plans and schemes for the further purification of 
the city water supply. These plans and schemes generally have contemplated 
the filtration of the city water supply in addition to the sedimentation now 
being accomplished. As early as 1865 the city directed its City I^ngineer, 
Mr. James P. Kirkwood, to make a trip to Europe and there sutdy the methods 
of filtration in use and report back to the city his observations and plans 
for filtering the St. Louis water supply. Since that time the subject of 
filtration has been pressed with more or less vigor, but without action 
being taken. Within the last two years a commission of consulting en- 
gineers has studied and made extensive reports upon the improvement of 
the city's water supply. This commission, by its several members, made 
two reports; one recommending that a new water supply be established^ 
to be taken from streams about fifty (50) miles southwest of St. Louis, as 
this section of the state is sparsely settled and not adapted to agriculture. 
The other report recommends filtration of the present water supply in 
addition to the sedimentation. 

There is no doubt but that some time in the future, some plan will be car- 
ried out to provide the city with a pure water supply, either by filtration or 
otherwise. 

The population of St. Louis in 1900 was 575,000. The growth of the city 
has been moderate but steady during the past four decades and its geogra- 
phical location is such that it will continue to increase in population and 
commercial importance so that the demands upon the city water supply will 
also increase. The daily consumption of water during the year 1900 was 
approximately 63,000,000 gallons and the estimated amount for 1910 is 110, 
000,000 gallons. The demands therefore, of the city are large now with 
prospects of greater demand in the immediate as well as distant future. 

Chemical and bacteriological examinations which, are reported in the 
following pages, were undertaken for the purpose of continuing further the 
study of the condition of the Illinois River where it enters the Mississippi 
and of comparing the condition of the Illinois River water with that of the 
Mississippi River just above the entrance of the Illinois and of the Missouri 
River where it enters the Mississippi. During the years 1899 and 1900 chem- 
ical and bacteriological examinations and tests were made under the direc- 
tion of this Board and published in its **Report of Sanitary Investigations 
of the Illinois River and Its Tributaries.** Reference is now made to that 
report for the results of those investigations and for further comparisons 
with the investigations herein reported. 
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Public and oflficial attention has been directed particularly to the effect 
(on the waters of the Illinois and Mississippi Rivers) of the dischari^-e of Chi- 
cag-o sewag'e, diluted with Lake Michigan water, through the main drainage 
channel from Chicago. That channel now probably receives three-fourths 
of all the sewage of the city. During the years 1900 and .901 the flow 
through the main drainage channel was about 250,000 cubic feet per minute, 
consisting of Chicago sewage diluted with Lake Michigan water. That vol- 
ume of water is much in excess of the ordinary low water flow of the Illinois. 
The chemical and bacteriological conditions of the Illinois River at various 
points throughout its course were studied and compared in the previous re- 
port, above referred to, during the years 1899 and 1900, being' the first year 
preceding and the first year after the opening of the main drainag-e channel. 
The results of those examinations demonstrated that for the year imuicdi. 
ately before and the year immediately after the opening of the drainage 
channel, the water in the Illinois River at its mouth was practically free 
from sewage contamination and better chemically and bacteriolog-ically from 
a sanitary standpoint than the water coming from its tributaries. 

For the investigations of 1899 and 1900 samples of Mississippi River 
water above the mouth of the Illinois were also taken for analyses and com- 
parison with the results obtained by the analyses of the Illinois River 
water. About 25 or 26 miles below the mouth of the Illinois, the Missouri 
River enters the Mississippi, the mouth of the Missouri River being- about 
eight or nine miles above the Chain of Rocks, where the St. Louis water 
works intake is located. The St. Louis intake being near the Missouri shore, 
it is generally recognized and conceded that a large part of the water which 
is drawn through the intake and distributed to the inhabitants of St. Louis 
is Missouri River water as distinguished from Mississippi River and Illinois 
River water. There may be times when there is an extensive co-ming-ling 
of the three rivers, but there are certainly times when none but Missouri 
River water reaches the intake. 

The location of the St. Louis intake, with reference to the junction of 
the Illinois and the Missouri and the Missouri and the Mississippi Rivers, 
leads to the conclusion that an examination of the chemical and bacteriolog- 
ical conditions of the water of these three rivers near their respective conflu- 
ences would be of much service in throwing light upon the subject as to the 
source of greatest pollution of the St Louis water supply. Arrang-enients 
were made for taking samples of water during the autumn months of 
1901 and the spring months of 1902 from each of those rivers for the purpose 
of such comparison and the full report of these analyses, as made by Dr. 
John H. Long, chemist, and Dr. F. Robert ^eit, bacteriologist, are publish- 
ed herewith. 

The following short table of chemical analyses has been compiled from 
chemists* reports herewith published and previous reports before referred to. 
This table shows the averages of the chemical analyses through the summer 
and autumn seasons for three years, namely, 1899, 1900 and 1901 of the 
Illinois and Mississippi River waters and for the same seasons for 1901 of the 
Missouri River water. 



XXI 



TaBI^R of AVERAGR CHEMICAI, ANAI.YSES OF SAMPI^BS OF WATER DURING 
SUMMER AND AUTUMN FROM THE MISSISSIPPI RiVER ABOVE THE MOUTH OF 
THE ILWNOIS at GrAFTON, II^UNOIS RiVER AT GrAFTON, AND MiSSOU <I 

River immediately above its mouth: 









Parts per 


Million. 






1 
MlaSIBSIPPI RIVEK. 


ILLINOIS RIVER. 


JIl*i«aUBt 
RIVER. 




im. 


1900. 


190L 


1«99. 


1900. 


tflOL 


1901. 


Total HoliJa r ».,... 

I..OBS on i^Dltiii'iri, filtc^rcil ► 


27*.0 


347.0 
40. 

^: 

7. OS 
11.7:1 
0,07 
0.5J 
O.QS 
0,02 
1.49 


1S3.0 

afl. 

l.SS 

6,ri3 

7,S4 

07 

0.30 

0(>S 

0.001 

0.74 


3fl£.0 

4.65 
5.61 
0.247 
O.l'i^ 

o.atj 
o.wt 


33r.O 
47. 

r»7.o 

10.6 
4.82 
5.8^1 
0,07 
0.36 
0,87 
0.03 
L13 


361. 

36. 

41^* 

16.4 
3,21 
4.»l 
0,23a 

o.ita; 

1,043, 
0.014' 

o.si 


12W. 
29. 


KoS:^ nn igfnitiorit vinBU(?red*. , ., .. 




S2 


Chlorint? ►,,»,, * - * . 


1.77 

6 m 
8.r.2 
o.oso 

443 
Q.O^ 
0,001 


14 


Ojtygen^ »h}*urljefJ, fiUer<;il... 

l^Tet ainrnt>nls * 


3J7 
10, 2S 
10 


Alhumiiuiid ammniuliL + + ,, »t m« #. 


GO 


Nilrojren in nirmtea ...-.** 

N itrocijn ill nilrit^^a ...... 


{J0Q6 


Or^iinLc nmmonia^ KjtfldAlil 


t 61 



An inspection of this table shows that the condition of the waters of the 
Mississippi and the Illinois have not materially changed during- three seasons. 
'Ihe Illinois shows the largest amount of chlorine and nitrates. This un- 
usual amount of chlorine is an evidence of a large amount of sewage which 
has been received by the Illinois and its tributaries, but the analyses for 
organic matter and bacteriological examination give little evidence of this 
sewage pollution, except in the harmless chlorine and nitrates. Comparing 
by total solids there is no great difference between the Mississippi and Illi- 
nois; by oxygen consumed the Mississippi shows a greater amount of organic 
matter than the Illinois. 

The analyses of the Missouri River water,which are only for one year, show 
that the condition of the water of that river is in some respects more like 
the Illinois than the Mississippi. It is especially noticeable that the amount 
of chlorine is high, almost as high as the Illinois. 

Bacterially the Mississippi and Missouri are very much alike and the 
Illinois shows a better and safer sanitary condition than either Special 
attention is called to the report of Prof. Zeit, on pathogenic and 
sewage bacteria, herewith published. Not only the chemical examination 
above referred to and heretofore published, but these and the former bacter- 
iologial examinations show that the water of the Illinois River contains less 
sewage matter than either the Mississippi or Missouri. Whatever the amount 
of sewage the Illinois River may have received at its head and from its tribu- 
taries throughout its course, by reason of its slow flow the time required for 
its waters to reach the Mississippi has been seized upon by nature's purify- 
ing agents, water bacteria, and the sewage has been largely reduced to 
harmless form. The bacteria, so numerous in the Illinois above Morris and 
again immediately below Peoria and Pekin, have materially diminished and 
are more frequently found in the Mississippi and Missouri River waters than 
in the water of the Illinois, where these rivers merge into the Mississippi. 

As previously stated, public attention has been directed to the Chicago 
sewage as the chief, if not the only, source of sewage pollution to be serious- 
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ly considered in connection with the St. Louis water supply. I^ittle reg'ard 
is apparently paid to the many cities of importance located upon the Illinois 
and its tributaries, the Mississippi and the Missouri, all of which contribute 
more or less to the pollution of the streams on which they are located. On 
the Illinois there is a noted example of excessive pollution, other than Chi- 
cago, at Peoria and Pekin. Chemical and bacteriolog-ical examinations dur- 
1899 and 1900 show the condition of the water of the Illinois River to be better 
at the "narrows" or Avery ville, immediately above Peoria, than at any other 
station throug-hout its course, all traces of the Chicago sewag-e excepting 
nitrates and chlorine having disappeared. At Peoria large quantities of sew- 
age are introduced into the river and the process of purification, from that 
point to the mouth of the river, does not seem to be as rapid as in the upper 
reaches of the stream. The purification in the first 40 miles above Peoria is 
especially pronounced. 

A detailed study of the amount of sewage pollution in the upper Miss- 
issippi and Missouri Rivers has not been made. It is well known, that on 
the Missouri River especially, there are numerous cities of great commer- 
cial importance which discharge their sewage into the river. At Omaha and 
Kansas City especially are large stock yards and packing industries which 
contribute much to the pollution of the Missouri River. It is also a well 
known fact that the Mississippi and Missouri Rivers both have very much 
more rapid current than the Illinois River and that, measured by the time it 
takes the water of these rivers to reach the Chain of Rocks, St. Paul and 
Minneapolis, on the Mississippi, and Omaha or, perhaps Sioux City, on the 
Missouri, are as near to the St. Louis water works intake as Chicag-o. Kan- 
sas City, St. Joseph, Rock Island, Davenport and Moline, Muscatine, Des 
Moines, Keokuk, Quincy and many other smaller cities discharge their sew- 
age past the St. Louis water works intake when it is several days newer and 
more charged with pathogenic bacteria than Chicago sewage. 

The question as to the self purification ( may it not be better expressed 
"natural purification"?) of streams, probably becomes the all important one. 
Scientific investigations have demonstrated that under favorable conditions, 
the foulest stream will become pure by natural processes. This cannot oc- 
cur, however, if at frequent intervals along its course more sewage is added 
to keep up the supply of organic waste material. The Illinois River more 
nearly meets the requirements as to length, time and other conditions for 
bacteriological purification of the sewage which it receives than either of the 
other streams. This is fully demonstaated by the fact that twice in its course 

it is grossly polluted— viz., from Chicago and at Peoria and Pckin and 

twice, also viz; above Peoria and again before it empties into the Mississippi, 
it is so purified by natural processes, that it is of better quality than any of 
its tributaries, and only traces of the enormous double pollution remain. 

It seems proper to state the following general conclusions as the result 
of the sanitary investigations which have been made under the direction of 
the Illinois State Board of Health prior to and after the opening of the Chi- 
cago Drainage Canal: 

The water supply of the city of St. Louis as taken from the Miss- 
issippi River at Chain of Rocks is not materially nor injuriously affected 
by the flow from the Illinois River, for the reason that the Illinois River 
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water, as it enters the Mississippi, shows less sewage contamination than the 
water of the Missouri River at its mouth, and is practically as good as the 
Mississippi River water itself, so that if the Illinois River could be so 
changed that it would empty into the Mississippi below the water works in- 
take of the city of St. Louis there would be no material change in the con- 
dition of the St. Louis water supply. Furthermore, the city of St. Louis 
cannot and does not hope or expect to have a satisfactory or safe water sup- 
ply from either the Mississippi or Missouri Rivers without filtering such 
water. 

The effect of the increased flow of Water from Lake Michigan through 
the Chicago Drainage Canal has improved the condition of the water in the 
Des Plaines and Illinois, especially under low water conditions. Prior to 
the opening of the Drainage Canal the amount of sewage discharged into 
the Des Plaines through the Illinois and Michigan Canal was much greater 
than the natural flow of the Des Plaines at low water and even greater than 
the natural flow of the Illinois River as far as Peoria. The dilution which 
has been effected by the larger discharge of lake water through the new 
Drainage Canal is much greater than existed prior to its opening. The 
washings into the streams from the farms, pastures, barn yards and small 
villages, not to mention the large cities and manufacturing industries, con- 
tribute an amount of organic matter equivalent to a considerable sewage 
pollution and taken altogether the natural low water flow of the Illinois 
River would probably show a greater pollution than the flow of the Chicago 
Drainage Canal in its present condition. 

When the Sanitary District of Chicago shall have completed proper ex- 
tensions* to I he main drainage canal which will carry off the sewage of the 
Evanston and Calumet regions; when the city of Chicago shall have com- 
pleted her intercepting sewer systems which are designed to divert her sew- 
age from Lake Michigan, the water supply of Chicago will no longer be 
subject to material pollution, and the inhabitants of that great city will no 
longer be compelled to pay tribute to the springs of neighboring states or to 
the producers of distilled water or the manufacturers of filters. 

At easy access they will find a boundless supply of good water, not one 
which vies in chemical purity with the products of famous springs, but a 
wholesome water which contains no impurities prejudicial to health. 

With no pollution at her doors, the citj' of Chicago need have no fears 
as to the quality of her water supply. Beyond the reach of sewage contam- 
ination from the shore, the water of Lake Michigan is known to be pure. 
Contaminated though the lake may be by sewage from neighboring states, 
the probability of thi» contamination reaching the intakes of the Chicago 
water supply is too remote to cause serious apprehension. 



* A law enlarging the corporate limits of the Sanitary District of Chicago became in force 
July 1, 1903. 
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Dr. James A. Egan, Secretary Illinois Slate Board of Healthy 

Dear Sir:— In two previous reports submitted to your Board the rate of I 
sewage oxidation in the Illinois river under widely different conditions was [ 
discussed. In the first of these reports the nature of the water before I 
the opening- of the Drainage Canal, as shown by numerous analyses, was I 
disclosed, while in the second and longer one the effect of the larg-er flow [ 
from the new canal was especially considered. Some time after the comple- 1 
tion of the investigation detailed in the second report the trustees of the I 
Sanitary District of Chicago decided to decrease the flow of water in the 
canal from the 300,000 cubic feet per minute standard to a volume nearer I 
250,000 cubic feet, and as this lowered dilution might not be without I 
effect on the rate of oxidation in the Illinois a new chemical and bacterial I 
examination was thought necessary. Accordingly, by direction of your I 
Board, I undertook this third series of experiments, but on lines differing! 
materially from those of the former investigations. Practically, we are con-r 
cerned mainly with these important questions: What is the condition of the! 
water at the mouth of the Illinois river; how does it compare with the MisI 
sissippi above the junction or with the Missouri above its mouth; what is the! 
condition now compared with that of the period just before the opening ofl 
the Drainage Canal ? 

In answering these questions we are not much concerned with the ratcl 
or velocity of oxidation, but mainly with final conditions, as these aiel 
admittedly the points in dispute. From this standpoint, therefore, itl 
appeared unnecessary to undertake the further study of waters at a numbefl 
of places above the mouth of the Illinois or the Missouri, but a closer studji 
was decided upon for these localities. Because of the peculiar questions ifl-l 
volved in the final discussion it was thought advisable to pay particula 
attention to the nature of the Missouri river water just above its moutlfcl 
Since the conclusion of the former investigations the importance of this lio^l 
of inquiry has been clearly recognized. 

In September of last year, 1901, a tour of inspection was made of 
river region around Grafton and below Alton, and points for water coll« 
tion were selected. For the Illinois and Mississippi these were the same as 
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the former examinations, with the same collector. In each case a location 
was chosen far enough up stream to secure water unmixed with that from 
the other stream. For the Missouri river water a collector was secured from 
the Illinois side, on account of the more direct shipping- service possible, and 
this man was instructed as to the proper method of collecting, packing and 
forwarding samples. The place of collection, a short distance above the 
mouth of the Missouri, was reached by rowing from the Illinois side. In all 
cases the samples were collected in the afternoon and shipped so as to reach 
Chicago and be delivered to me before noon of the day following. The small 
bottles for bacterial examination were well packed in ice, and it may be said 
here that they always reached me in good condition. 

METHODS OF EXAMINATION. 

These have been fully explained in the earlier reports and need not be 
repeated. I have been assisted in the work by Mr. Frank Wright, Mr. 
Charles W. Brown and Mr. William Johnson. The identification of patho- 
genic bacteria was undertaken by Professor Robert Zeit, who will make a 
special report on this part of the work. 

RESUI.TS OF THE EXAMINATIONS. 

The tables below give the results obtained in the tests. These are di- 
vided into two series. In the first waters were collected from near the end 
of September to about the middle of December, that is until the formation of 
ice began. In the second series the examinations were resumed as soon as 
possible after the breaking up of the ice in the Spring of 1902. The object 
here was to secure water under the conditions least favorable to bacterial 
oxidation. 
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2,0tt 


0.13 


Hf.7 


.^.08 


1.92 


0.10 


17.0 


a,os 


5ja 


om 


17.0 


^.m 


2,72 


0.10 


1ft 


4.00 


3.04 


0.11 


10.7 


rraa 


2 72 


om 


17.7 


S.12 


a.BS 


0.0^* 


16,0 


5,12 


3,3ri 


0.14 


14,9 


4.fl4 


3.30 


0.13 


13 5 


4 HO 


H ftH 


0.22 


13. !> 


4 W 


3.3a 


O.IB 


ia.3 


4.y6 


3.52 


0.1^ 


13.8 


4.32 


4.0l> 


0.30 


la.o 


3,H4 


2,40 


UM 


a. 4 


3.68 


3.20 


O.E« 


153 


4.64 


3.3e 


0.5a 


17.0 


4.16 


3.36 


0.74 


15. a 


4.64 


t.h& 


o,n 


14.2 


3.84 


3.68 


0.79 


11.7 


4,96 


3.04 


O.Sl 


13.5 


3.36 


2.32 


0.23ft 


li.4 


1.31 


3.2i 



Nitro- 
gen. 



0.29 , 
0.24 I 
0.21 I 
0.32 ' 
0,36 
0.27 
0.2s 
0.27 
0.27 
0.4tJ ' 
0.25 
0.2.1 I 
0.45 
0,39 , 
0.33 I 
0.40 I 
0.40 I 
39 , 
0,44 
0.38 I 
0.48 
0.44 
0.54 
0,71 
0.70 

o.m 

0.78 
0.53 
0.51 
0,:i8 
0.46 
0.40 
0.42 
0.41 
0.44 
0.46 

o,:e 

0.4L 



1.20 
1.40 
0.40 
0.06 
1.60 
1.00 
0.96 
1.20 
0.64 
0.96 
1.44 
1.40 
1.52 
0.96 
1.60 
1.00 
1.20 
1.20 
1.40 
1.00 
1.00 
0.60 
1.12 
0.80 
1.12 
0.56 
0.64 
0.48 
1.12 
1.12 
0.88 



0.040 
O.04O 
0.040 
0.035 
0,040 
O.Oftii 
O.OBO 
O.OfiO 
O.Of.0 
0.0:10 
0.O3(J 

^xm 
o.^eto 
QAm 

0.2a0 
0.015 
0,015 
0.030 
0,030 
0.020 
0.025 
0.025 

0.020 
0.02.^ 
Nona. 
0.030 
0,020 
0.020 

, o.oao 
'^ o.a% 



1.20 I 0.030 



r 



n 3 



1.12 
1.44 
1.12 
0.80 
1.12 
1.20 



0.238^ 413! 1.042 0.004 



0,020 
0.030 
0.015 
0.015 
0.0-iO 

o.oes 



c Fermen- I 


• 

c 



s 


TATION. 


J, 


h- 




^ 


■) 




a 


ft 










n 































3 
5? 



a 
o 



0.43 


2,800 


0.63 


700 


0.63 


250 


0.63 


1,050 


0.43 


Liquefied . 


0.63 


400 


0.82 


400 


72 


250 


n 




0.52 


1,250 


0.52 


850 


62 


20,200 


0.72 


13,100 


0.72 


400 


0.62 


Liquefied. 




2,050 


1.26 


450 


0.62 


4,100 


0.62 


1,150 


0.82 


100 


0.70 


400 


0.60 


150 


1.40 


450 


1.40 


150 


1.40 


1,050 


0.70 


Liquefied. 



1.00 
1.10 
1.10 
1.10 
1 10 
1.10 
1.12 
0.72 
0.92 
0.84 
0.52 
0.92 



0.81 



1,050 
25,800 
Liquefied. 



Liquefied 



No gas 

80^ 
No gas 

20^ 
No gas 



tivrna** ;24 hours 

35i?' Very slow., 
Noi^nB 24 hours 



5!^; 

Ndieob Slow. 



Nosas N-^it 



10 SI 

80:i 
10^ 

60?; 

NogaH 

50? 
No Kas ' 



10-^' 
NogaH 



ISlow 

\tH\U hours. 

mi 






20 hours 

Slow 

Very slow. . 

Slow 

Rapid 



20?N.H 



No gas 



20:; 
20? 

15^ 



in? 



NoRaH 



25? 
25? 
60? 
2.5? 
40? 
.50? 



24 hours 

Very slow. . . 

Slow 

24 hours 

Slow 

12 hours 

None 

Very slow... 

None 

12 hours 

Very slow... 

None 

Slow 

Rapid 



No. 



20 hours. 



Yes 



Table II. — Mississippi River — 



Temper- 
ature. 



Solids. 



\ Loss ON 
I Ignition. 



l)Hte. 



Color. 



Odor. 



Sediment. » 



rail I 

; 3 : ' Su : 



1901 
vSe|)t. 


28 

U 

26 

SO 

1 

3 

7 

8 

10 

14 

15 


1 
Yellow... .,...; Non 

U«r'!"':;: I 


e Sandy 


6r. 

64» 
68« 
..1 67«. 
. 1 68*'' 
.., 65« 
.. 58«' 
..1 61« 

..; 62* 

56*' 
56* 
55*> 
56*' 


76« 
82« 
84« 
80« 
80O 
60* 
71* 
66* 
72* 
50* 
52* 
55* 
64* 
68* 
64* 


160i 

156; 

150 
150| 
140| 
150< 
136 
144 
152 
152< 
148 
158 
140 
13S 
lU 


40 
44 
32 
52 
58 
72 
78 
74 
96 
58 
U 
50 
52 
66 
68 


200 

jm 

1S2 

life 

222 
214 
218 
2I.S 
210 
1^2 

1**2 

\^% 
212 


38. 
401 
S4 
24 

^ 

24 

S! 

40 
26! 
38 
40 
46! 


36 
40 
34 

r 


CK*t. 


:;■;:.':;' •• :■;•'' 

1 


V) 






V 


• • 




V 


• • 




?4 


Jl 




28 
30 
40 


» • 


n 

21 
22 

28 

81 
4 
5 
7 

11 
12 
14 
18 
1$ 
21 
2!^ 
28 
28 
29 
2 

6 

10 
11 
12 




^ 


« « 




T» 


• » 




• * ...... 


... 58*' 


% 


• « 




V 


»« 










»» 




• • 


60* 


62* 
44* 
43* 
48* 
64* 
45* 
45* 
42* 
43* 
50* 
45* 
48* 
44* 
50* 
40* 
32* 
»* 
34* 
38* 
34* 
40* 


136 
144 
140 
132 
142 
140 
156 
148 
148 
154 
152 
136 
136 
140 
142 
130 
148 
144 
148 
140 
136 


58 

52 
48 
50 
30 
36 
18 
18 
20 
26 
2 
2 
10 
26 
16 
2 
6 
8 

ao 

22 
16 


!^ 
168 

l5iL> 

\^ 

la+ 

162 
152 


30* 
44 

40 
30 
34; 
30 

361 
34 
30 
24 
32 
22. 
44 

»i 
40* 
46. 

4S> 
46 

48: 

S2 
^! 


36 


Nf>v 


!:!!!]!! Little!!;;;! 
None 

!!!!!!!! Little!!!!!! 
!!!!!!!! No«e!!!!!! 

!!!!!!!! Little!!!!!! 


..; 52* 

S0«> 
47<^ 

47« 
47* 

45* 
88* 
87* 
88* 
89* 
88* 
40* 
»* 
41* 
36* 
36* 
35* 
35* 
36* 
36* 


¥ 






10 


«« 




ys 


*« 




34 


• » 




% 


»« 




% 






r 


«« 




n 


,, 




22 


»« 




in 


• « 




34 


«» 




% 


l>eo. 




ff 






44 
HI 


»• 




V 


• • 




14 


•■« 




r 


" 




SB 



Means . 



50* 



145 



183 



Grafton — Above Mouth of Illinois, 



Oxygen 
absorbed 



Ammonia. 



Nitro- 


s 


gen. 


^ 




2.D 




I-H 






D 


D 


f3 
oo 

o p 


a 


P 




(» 


rp s. 









o 

o 
o 



I 



Fermen- 
tation. 1 

i 






\ 



o 

o 



3 



1.801 
2.131 
2.50 
2.13! 
2.131 
2.501 
2.13i 
1.80 
1.80 
1.80 
1.80 
2.13 
1.42 
1.42 
1.781 



7.1 
9.12 
8.00 
7.1 
7.04 
8.16 
8.32 
6.56 
8.00 
7.20 
6.56 
7.36 
11.68 
7 " 
9.76 



1.781 
2.131 
2.131 
2.84, 
2.13 
2.13 
2.84! 
2.48! 
2.13i 
1.06; 
2.48{ 

Trace.; 
0.71! 
1.06 
2.48 
1.78 
2.13 
2.84 
1.42 
2.13 

Trace. 



9.60 
10.40 
9.92 
9.44 
7.04 
8.64 
6.40 
6.40 
5.76 



6,8S 


O.OtJ 


8.32 


O.d 


7.36 


0,091 


5.60 


0.08, 


«.40 


0.091 


6.88 


o.oei 


6.56 


0.071 


6,56 


0,OT 


^M 


0.07^ 


5,92 


0.08 


6.24 


0.06 


3.20 


0.08 


9.28 


0,11 


7.04 


0.08 


8,48 


D,0& 


8,16 


o.io, 


^J2 


0.10, 


9.60 


0.111 


8.16 


0,001 


5.02 


o.ou 


5.S2 


0,10 


5.H3 


0.06i 


5.60 


o.oy, 


5.28 


O.09I 



0,421 
0.411 

o.a."! 

0.44 
0.42 
0.45. 
0.46^ 
0,40^ 
0.41 



16 
0.13 
0,12 

O.H 



Ndne. 



Trace 



o! 12 None. 
0.06 



0.06 
^,-. O.Ofi 
0,37 None. 
0.341 0,0ft 
0.37' 0.06 
0,46| 0,Oft| 

o.44rri*»o*l " ■ 

0,43!Notie.| 0.100' 



Truce 



None. 



0.63 
0.93, 
0.63; 

0.53; 

0.63 
0.93 
0.72 
0.92 
0.12 
OSS' 
0.75 
0.T2' 
0.92i 
0.92 
1.02i 



7.68; 
7.20: 
6.56; 
7.20 
7.36 
7.20 
7.84i 
7.681 
7.36! 
7.52! 
6.641 



6.08 
5.921 
6.1^1 
6.56' 
7.30i 
6.72 
5.9*J 
6.40 
5.76 
6.7^' 
5.53: 



0.06 
0.08 
0.06 
0.05 

o.oa 

0.05 
0.07 
0.06 
0.05 
0.(^ 
Q.M 
007 



0,48! O.l0lN(»ne 
0.42 U.lOi '■ 
0.45 None. *' 
0,36 " 
0.3» * ' 
0.36 *' 
0.43: O.QB 
0.35 None 
0.42 



0.31 
0,36 

0,36 



0.16 
0.12 



0.025 
jNone. 



1.88' 7.84; 6.53| 0.07 



0.36 Nona. 
0.36' ■» 
28 ** 
0.34 *■ 
0.34 ^* 
0.31 0.04 
0.34 None, 
038 " 



Plate 
Liquefied 
1,700 
450 
1.750 



Nojras 

505^ 



Liquefied. I 
350{ 



900 



0.621 
0.62i 
0.82i 
0.62' 
0.80 
0.60. 
0,60, 
I.30I 
O.OOj 
1.501 
O.TO: 
0.00 
0.70i 
0.70 
0.10 
0.1£ 
0.72 
a.7£ 
0.32 
0.50 
0.62! 



700 

450 

5,200 

2,100 

550 

400 

Liquefied . 

750 

700 

300 

3,550 

600 

450 

350 

350 

450 

100 

450 

250 

2,200 

1,950 

150l 

Liquefied. I 



105i 

105( 

No^^as 

30^ 
No^^as 

55? 
No^gas 

105< 
No gas 

15!i 
5:^ 

60^ 
Nojras 

40!< 

No gas 

5^ 

No gas 



Nogjg 
No gas 



105( 
No gas 



18 hours. 
24 hours. 



55( 
No^as 



1056 

No gas 
80^ 

No gas 

5^ 

60^ 

60^ 

50?t 

No gas 
50^ 
505t 

No gas 
4056 
505^ 
90^ 

No gas 
40^ 

""iooj; 

^ 

No gas 



Slow.. 



24 hours. 

Slow 

24 hours. 
20 hours. 



40^i 



20?^ 
Noji^as 

205C; 



No. 



;No. 



24 hours 

Rapid 

Very slow. . 

48 hours 

Slow 



Very slow. . . ' * 

14 hours Yes.. 

Slow No .. 

Very slow... I ** 

48 hours *' 

12 hours •• 

24 hours ** 

No coag ' * 

12 hours *• 

Rapid •• 

24 hours ** 

Rapid '* 

28 hours *' 

Rapid " 



0,aS 0,08 0,004, 0.74 





















Table III — 


Afouth of 


! Temper- 


(S^r trxo Loss ON 


: ATURK. 


Solids. 


Ignition. 
2: ! •«: 


1 




>•* 

OB 3 


H 


Date. Color. Odor. Sediment. » . 


-1 


I 


l« 


1 1 1 






s 


: c 


:r f^ 






2: 

c 

3 


■1, 


3 






: ? 


. Q, : 


1901 


1 


i ' ! I 


Sept. 17 


Dark Yellnw iNone Clav 


354 652; 1006' 82 30 


•• 24 






.Earthy ; * 


• 65", 83" 


304, 2506: 2810 144 48 


Oct. lOi 




.'None • 


• 62''l 64" 


2961 1690! 1986, 116; 22 


14i 








' 60"; 58" 


296 934 1230 78i 28 


15 








• 60" 70" 


280 8701 1150 68 24 


•• 16| 








• 61° 62" 


296 792 1088 88 24 


.. 17I 








' 60° 59° 


306 746 1062 82 12 


- 21 










• 62" 76° 


360! 1062 1422 86 24 


" 22 










• 64° 76° 


384, 1316, 1700 92 32 


" 23 










• 64° 80" 


330 1508 1838. 170 42 


" 24 










• 64° 72" 


334 1452 1786i 152| 32 


•• 28 










* 62° 76° 


320 948 1268: 80! 18 


•' 29 










• 64° 76" 


362 872; 12341 86 28 


30 










• 64" 72" 


346 916' 1262 72 14 


•• 31 










' 64° 64° 


354 1070 1424; 56; 22 


Nov. 4 










• 54° 48° 


340 1038 1378 


66, 24 


" 5 










• 50°, 46° 


352 1088 1440 


102! 28 


6 






* \ * 


• 52"| 68" 


332 9681 1300 


78i 30 


7i 








• 52°i 50° 


336i 9.32 1268 


72i 16 


8i 








' 50° 60" 


3.5O1 878, 1228 


56 24 


•• 11 








• 54° 74" 


356 1784 2140 


58 22 


•• 12 










' 52° 50" 


396 1800 2196 


1141 10 


13 






.1 • 




* 52° 60" 


369 1617 1986 


20! 13 


14 










' 50" 50° 


411 1611 2022 


104 13 


15 






' * 




• 46° 40° 


344 1352 1696 


54 26 


•' 18 






' ♦ 




* 44°, 67° 


328| 1060 1388 


84 16 


19 










• 44° 46° 


322 914 1236 


72 


20 


•' 20 








' 42° 48" 


328 786 1114 


90 


40 


.. 21 










• 42° 50° 


aM) 740, 1090 


62 


34 


•* 22 










• ! 44"| 48° 


326! 6»4i lOlu 


60 


22 


'• 25 










* 1 44° 48° 


338. 638 976 


60 


18 


*• 26 










' 1 44" 48° 


388 5841 972 


102 


72 


" 27 






.i • 




' 44°, 44° 


340 608i 948 


46 28 


•• 28 






. i * 




' 42°! 42" 


362 590 952 84' 36 


•• 29 










• 44" 58" 


362 532 894 


74, 80 


Dec. 2 










* 


44° 40° 


382 506 


888 


108 38 


3 








' 1 • 


• 


44° 38° 


3.1O! 498 


848 


76, 34 


5 








' 


* 


* 


40"! 32° 


3721 


434 


806 


881 46 


6 






1 ' 






• i 40". 38" 


362 


448' 810 


52 36 


9 










* 


• 40" 33" 


368 


398! 766 


82| 40 


" 10 










' 


* : 38" 45° 


362 3561 718 


76, 42 


11 






'i 


' 1 ' 




40° 42° 

42° 1 54° 


374 .3561 730 
356 356| 712 


72 46 


12 


* • 


' 


72 52 




Means i 1 51° 56° 


346' 948, 1294 

1 


82 29 



The Missouri River, 




Fermen- 
tation. 



S- 



o 

o 



31 
O 

D 
O 



D 

a 
o 



9.2 7.36 

25.2 26.24 

10.3 12.00 
12.0 8.96, 
10.6> 9.76; 
12.8 8.48 

11.4 8.16> 
20.6 30.08 

9.9 11.52 



12.1 
11.4 
13.5 
14.9 
17.8 
14.2 
12.8 
14.9 
12.8 
16.3 



15.04, 
21.44, 
13.12; 
10.40 

9.92 
12.48 
11.68 

8.64 

9.44; 

12.80 



17.01 12.00i 
16.3 10.08 



29.1 
24.8 
17.0 
22.7 
14.2 
12.8 
12.8; 

7.1 
12.1 
16.3 

9.2 
14.2 
17.0 
14.2 
14.2 

6.4 
16.3 
14.2 
19.9; 
17.8 
11.4| 
12.8 



11.36 
10.56' 
13.44' 
12.64 
10.88: 
9.92i 
8.001 
8.80 

5.44: 

7.52 
6.72' 
7.36 

8.32; 

6.56; 
6.24; 
6.08 
5.28; 
6.56; 
5.28i 
4.96; 
6.V4; 
4.32, 



2.72 
3.04 
3.68! 
1.92 
4.32 
2.56 
3.84 
15.04 
4.48 
3.20 
2.88 
2.24 
4.00 
2.64 
3.04 
3.36; 

2.88; 

2.56' 

3.84; 

5. 

1.92 

2.08 

2.08 

2.88 

2.72; 

2.72' 

2.241 

3.20' 

2.72 

1.92! 

3.04, 

4.32 

2.40' 

3.04 

3.04 

2.08 

2.08, 

2.72! 

2.56! 

1.60' 

2.24 

3.52 

1.44 



14.91 10.28 3.17 



o.w 

L>,OG 

0/14 
0.11 

OJO 

<l,ll 

O.Oi 

0.07 
U.UH 
<j.L;i 

O.iJts 
0.0S^ 
0.07 

u.uii 

0.13 
0.07 

w.w 
wri 

0J4 

\)M\ 

ij.io 
ij.3i 
O.IC* 

^M 

U II 
0.10 
0.09 
0.13 
0.13| 
O.lll 
O.lli 



0.33i 
1.02: 
0.921 
0.55i 
0.61 

o.5o; 

0.61 ! 
0.72 
0.76i 
0.92 
0.87, 
0.61 
0.58 
0.65 
0.68, 
O.55I 
0.56: 
0.46i 
0.52; 
0.58, 
0.73 
0.72 
0.74 
0.95 
0.97i 
O.8I1 
O.7I1 
0.64i 
0.61 
0.71 
0.51 
0.58i 
0.46i 
0.43 
0.35 
0.40 
0.39 
0.35 
0.28 
0.37 
0.36 
0.30 
0.31 



0.48 Trace 
0.16; None 
0.14 •* 
0.22 " 
0.36 •• 
0.14 1 Trace ' 
0.14 •• I 
0.16' " I 
0.24| None , 
0.24 • 
0.16 • 
0.10 • 
0.08 ' 
0.20 • 
0.16 • 
0.20. Trace ! 
0.28 •• I 
Trace • ' , 

o.u •• 

0.18| 0.005 
0.301 Trace 
0.10 " 
O.lOi None I 
0.08 •• : 
0. 28 j Trace i 
0.12 0.005! 
0.141 0.005, 
None I Trace 
<< I « i ; 

0.32i *• 
None I None 

0.12 0.010 
None {Trace 



0.10 
0.14 
0.08: 
0.12 
None I 



! None 



0.10, O.6OI 0.13,0.0006 



Plate 
0.73 Liquefied 



3. 
2.321 
1.32 
1.52 
1.32' 
1.32 
1.32 
2.72i 
2.72i 
2.221 
2.02' 
1.26 
1.52 
1.26; 
1.66 
1.82 
1.42 
1.42 
1.40 
1.40 
2.20 
2.10 
3.0 
2.20 
2.20' 
2.04' 
1.90 



1,470 



1,100 

4,700 
16,200iNo 
18,600 

6,800| 

6, 100' No 

6,200: 

1,400 

5,3001 
11,800 

4, 250! No 

7,350 



18,100j 

5,650: 

300 

14,200 
9,950 

10,600 
4,700 
2,400 
2,850 

10,700 
5,850 



1.50 Liqnetied. 



1.50 
1.501 
1.10 
1.50, 
1.34 
1.10! 
.90! 



9,000 
15,800 

9,400 
21.200! 
18,050' 

4,750 

1,350 



20^ 
No ras 
20^ 
10^ 
90^ 
90^ 
gas 
5^ 
5^ 
gas 
5^ 
40^1 
W\ 
m\ 

gas 
50^ 

10^ 

60^ 

5^ 

gas 



80^ 
60^ 
gasj 
50^ 
50^ 
30^ 
8c^ 

hie 
50^ 
30;^ 



No 



No 



1.101 Liquefied. 

1.12! 

1.12 . 

.72:. 

.72 . 
.64;. 
1.12 . 



.1- 



20:^1 
10:^; 

40^1 

10:^1 

20^1 
105^1 



20^ 
10^ 

No gas 
10^ 
90^ 
505i 

No gas 
30^ 
50^ 
15^ 
10^1 
50^; 

No gas ' 
5^ 

No gas 
20^ 
505^ 
50^ 
10^1 

40^: 

5?{ 
10^! 

No gas 
80;^ 
50^ 

No gas 
20:^ 
40^ 
50^ 
405J 
50^ 

m 
^m 

40^ 
10^ 
30^ 
40:^ 
10^ 
505i 
10^ 

m 

50^ 



Slow 

24 hours.. 



Rapid. 



No. 



Slow . . 

Rapid ,Yes 

12 hours 
Rapid.. 
20 hours 
Slow . . . 



No. 



Yes.. 
No . 



I Yes.. 



24 hours. 
Rapid... 

24 hours 

Rapid No . 

iSlow lYes., 

!No. 

|24 hours I 

Rapid lYes.. 

16 hours. 
18 hours. 

Rapid 

16 hours jNo . 

12 hours I Yes.. 

Rapid... 

14 hours. 
12 hours. 
Rapid... 



1.61 



Slow No . 

18 hours I Yes.. 

Rapid i " . 

•• No. 

•• Yes.. 

12 hours No . 

14 hours I Yes.. 

Rapid I 
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Table W,^ Mouth of the 



Solids. 



Date. 



Color. 



Odor. 



Sediment. 



1902 




Feb. 


24 




25 


•• 


261 


•• 


27] 


•Mar. 


3| 


* •• 


4 


•• 


5 




Loss ox 

lOXITION. 



z 


•«; 


o 












33 








7 


c 


^ 




:^ 





24 None Little. 

None.. 

26iYellowi8h Little., 



Dark Muddy. 





.. 




.. 




.. 


Means 









34° 
34° 
84° 


30° 
55° 
45° 


34° 


44° 


8J° 
34° 


40° 
30° 


34° 


40° 


84° 
39° 
42° 
42° 


43° 
60° 
55° 
50° 


44° 


22° 


41° 


32° 


87° 


43° 



253.2 

252.8 
252.0 

239.2 

206.8 
224.0 

264.0 

224.0 
228.0 
198.8 
199.2 

214.0 

228.0 



6.4 
0.4 
30.0 

16.4 

504.8 
429.6 



^9. 

233.2 

282.0 

255.6 

713.6 
653.6 



206.0 470.0' 
335.6 



161.6 
180.8 
180.8 

503.6; 

252.8! 



539.6 
389.6 
379.6 
380.0 

717.6 

480.8 



229.7 216.0 445.7 



30.0 
45.6 
62.4 

42.0 

72 
90.0 

70 4 

68.0 
90.0 
90.0 
83.2 

84.0 

39.2 



31.2 
48.8 
56.0 

46.4 

42.8 
62.0 

47.6 

42.0 
38.0 
42.4 
58.4 

38.8 

40.8 



.4, 45.8 



Table V.—The Mississippi River 



1902. 
Feb. 



Mar. 



None. . . 


* - . . i * * Ntailv clear 






« • 


„. Clear 


.. 


« 1 


Little 


,, Tarbld 






• • 


* 1 


• * 


■ i. 


Dark 


..., ,._ Muddy 






» • 


1 * 


«• 


»* 


Means 






I" ' 



31* 


TjO' 


MS.O 


\ 
10, « 


JW 


TiJi"^ 


TO.1.2 


8.4 


U^ 


^° 


196.0 


l,6j 


w 


44" 


m.2 


5.6 


u^ 


10* 


196.0 


13.6 


33« 


3QP 


194 J 


3SJ 


34' 


10= 


lti8.4 


23.6 


W 


4a^ 


100. Q 


25,6 


m^ 


m^ 


n».u 


n;i.6 


38- 


K>- 


tis.o 


2^7,6 


4r 


50^ 


lli.>.l* 


'M*IA 


4r 


£2* 


17+.0 


200.0 


Si"* 


4.1*' 


1B7.8 


93.0 



*12.8 
2J3.tt 
1&7.6 

300.8 
23&.6 
^).4 
221.6 

3VI .fi 
40.>.6 
-■)08.0 
lt74,Q 



49.6 

41.0 

53.2 

30.0 

4:1,6 

42.0 

a,o 

46.0 
«,0 
60.0 



4S.& 



63.0 
47.2 
4T.2 

16.0 

m.% 

50.4 
5«.Q 

24.0 

13.0 

4(».3 



Table W.— Mouth of 



1902 
Mar. 


10 Yellow iMuddy 

11 " •• 

12 •• " 

13 •• " 


44° 

46° 
48° 
50° 
48° 
46° 
48° 
48° 


I 

64° 338.0 
60°, 320.4 
48° 301.6 
60° 384.0 
42^^ 346.0 
50° 306.0 
64° 228.0 
52° 210.4 


1184.0 
1211.6 
1384.8 
1217.6 
1600.0 
1303.6 
1182.0 
1238.4 


1522.0 
1332,0 
1686.4 
1601.6 
1946.0 
1609.6 
1410.0 
1448.8 


134.0 
148.4 
164.8 
138.0 
.•i05.2 
150.0 
116.4 
111.2 


34.0 
16.8 
43.6 
122.0 


« « 


is; •• 


63.6 


< t 


19I •• . ;■ •• " 


38.0 


• • 


201 •• .: . . ...... •• 


45.6 


• . 


21; •• ' '* 


28.4 




Means i 






47.2° 


55.2° 304.3 


1290.2 


1394.5 


186.0 


54.0 















Illinois River — Grafton, 
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n 

5" 

3 
ft 



OXYGBN 
ABSOREKD 






Ammonia. 


N 


1 


> 


3 




d 




3 


i3 




D 



« 




a* 


: 



Nitro- 
gen. 



3 



II 



n 



Fermen- 
tation. 



n 

d 



=1 



□ 
a. 



IS. 49 

I5.ti2 

13 J9 

12.78 
11.20 

12.07 

11.36 

14,30 

13.49! 

9.23 



12.07' 



2,80 

2. 

3.84 

3.04 

10.00 
10. OU 
10.40 

10. so 

n.flO 
UJO 
10.80 



2.64 1.340 
2.80 0.87+ 
3.20 1.S12 

2.961 1,500 



6.00 
4.64! 

5. SO I 

fj.eo 

5.44 



l.rj92 
1.S24 

1.584 

1 .512 
1.520 
1.440 



fl.96 1.180 
4.72 0.740 
7.20: 0.760 



12.49! 8.96 



4.8i! 1.344 



0.182 
0,216 


0.280 
0.240 
0.320 


0.]6S 


0.200 


0.744 
0.7(34 


O.MO 
0.2O0 


0,484 


O.SCO 


0,564 
0.564 
0,544 
0.464 


0.220 
0.400 
O.SOO 
0.700 


0.544 


O.SOO 


0.501 


1.120 


0.452 


0.3d& 



0.0 


1.00 


0.0 


l.fO 


0.0 


O.SO 


1 Miniate \ 
1 trace. 


1.00 


0.0 


2.40 


0,0 


2,40 


0,0 


l.flO 


0.0 


2.00 


0,0 


IM 


0,0 


1.20 


Trace 


1,40 


\ Minute \ 
i trace. * 


1.60 


0.04 


1.20 


0.003 


1.40 



270 


10 


18(1 


1.040 


560 


Plate t 
Licm'fl'd f 


280 


U,B80 


4.4JO 


4,200 


5,tO 


B@0 



No eras 

m 

No gas 

mi 
lOQ^] 



Noffaa None.... 

........ 524 boura. 

20^ '28 boiirs. 

No ffas 20 hOiiTti^ 
■^ m hours. 

Rapid. .. 
24 hours. 
20 hours. 



No^^as 



20^ 
50? 



IQOf 



16 hours. 
2+ hours. 
18 houra. 



No. 



Yes*. 
No.. 



Yes*. 



Grafton — above mouth of Illinois. 



2.13 


4.64 


4.48 


0.140 


0.106 OJfiO 


0.0 


1.20 


60 


NoRas 


No eas 


None.... 


No,. 


2.8* 


5.ti(. 


4.32 


O.OtfO 


122j 0.120 


0.0 


KOO 


520 










2.13 


4.16 


4.08 


0.072 


0.072^ 0,260 


0.0 


1.00 


120 




' ' 


** t ** 




2.84 


4.56 


4,00 


0.084 


0.1l2:None. 


\ Minute 1 




800 


** 


** 






2.84 


5.04 


4.40 


0.154 


0.112 0.240 


0.0 


1.40 


450 


*■ 


* i 




4 t 


2.S4 


4.83 


+.«0 


o.m 


0.1fi2 0.100 


0.0 


\M 


60 


* ■ 


■ ' 






2.13 4,48 


3,84 


0.102 


0.1€2 0.100 


00 


o.eo 


3,600 


lOf 


Rapid... 

24 hoLkra. 


Ves., 


3.4S 6.Z4 


4.40 


0.106 


O.lfig 0.100 


0.0 


0.60 


120 


No (jaa 


No.. 


2.13 


8.ao 


7.12 


3^0 


0.4T2. 1.700 


0.0 


1.60 


12,400 




No gus 24 hours. 


* ■ 


2.84 


%m 


4.80 


0.&40 0.702 1.6<X» 


0.0 


Leo 


4,350 


** 


14 >our3. 


* ■ 


E.84 


16. OC 


7,60 


0.600. ti&4 0.640 


Trace.,.., 


2.00 


7,040 


30^ 


30S34 lOUJS. 


Ves.. 


I.IS 


J3.76 


4.24 


0.544 


0.544" 0.640 


0.03 


1.40 


420 


^m 


24 hourf. 


* * 


2.15 


7.0© 


4.84 


0.244 


0.283 


0.473 


0.003 


1.24 









the Missouri River. 



















Piatt 










1§ 4C 


11.80 
13.20 


3.3.3 
6.24 


0.360 
0.240 


O.&U 
0,524 


O.!100 
0,240 


0.0 
0.0 


2.40 
2.40 


Liciuefied. 
1,440 


10^. 




15 hours. 

16 hours. 


Yes, 


17,75 


35? 




No.. 


10.88 


15.00 


4.88 


0.232 


0.664 


O.S» 


Trace ..... 


2.80 


680 


Nopras 




14 houra. 


Yea.. 


17.75 


17.20 


5.20 


0,344 


0,61U 


0,400 




3.60 


42,160 


8t^ 




J2 houins 


No .. 


14.20 


mm 


5.20 


0.272 


1.224 


O.WO 


0.04 


4.00 


9,300 


40s 




20 hours. 


Yes., 


11.3^ 


22.40 


4.SJ6 


0,a32 


l.OM 


\:im 


oood 




290 


ISs 




16 hours. 


*' 


7.81 


18.40 


4 40 


0.312 


1.084 


1.200 


0.020 


3.60 


590 


m 


20!t 


2u hours. 


S 1 


8. 52 


18.00 


5.60 


0.268 


0.KS4 


O.SOO 


0.O2O 
OUll 




160 


30:£ 


30* 


IS hours. 


* * 


U.46 


17.15 


4.^ 


0.^1 


0.349 


0.^75 
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Kur the purpose of cotnparitton the mean chemical results are tabulated 
below, the values all beinjf jfiven in parts per million: 



Solids in solution 229 i 

Solids in suspension ^12 

Loss on ifirnition, tillered :^rt ; 

Loss on ignition, untiltered 40 I 

Chlorine 16.4 \ 

()xyj?en absorbed, filtered 3.21 : 

Oxyj?en absorbed, unfiltered 4.31 

Free ammonia 0.238 

Albuminoid ammonia 0.413 

Nitrogen in nitrates 1 .042 ' 

Nitrogen in nitrites 0.034 

"Organic ammonia, Kjeldahl 0.81 



2 ': 


> 


- 


s 


2 


1^- 


i ■ 

c 


?*3 


•O 2. 


^i 

5 = 


P^s 


3-i* ■' 


3- S . 




*i 


3 


s •£• , 


3 «t 


. -o 




9i 


n tj 


35 "~ 








• H. 




[45 


346 


230 


188 


304 


38 


948 


216 


93 i 


1290 


33 


29 


46 


49 


U 


36 


82 


68 


49 


186 


1.88 


14.9 


12.5 


2.45 


14.46 


6.53 


3.17 


4.88 • 


4.84 


4.96 


7.84 


10 28 


8.96 


7.09 


17.15 


0.07 


0.10 


1.344 


0.244 


0.295 


0.39 


0.60 


0.452 


0.283 1 


0.849 


0.08 


0.13 


0.388 


0.473 ; 


0.675 


0.004 


0.0006 


0.003 


0.003 1 


0.011 


0.74 


1.61 


1.46 , 


^.u i 


3.27 



Several thing^s are immediately apparent from an inspection of the 
tables. It will be seen at once that in the Illinois river from the beginning 
of the work in September to the end of the Fall observations in December 
there is an irregular but gradual increase in the factors measuring- the ex- 
tent of organic contamination. It would appear that the oxidizing- destruc- 
tion of organic matter has not been as complete as in the preceding year just 
after the opening of the large canal. But another thing is also evident, and 
that is that the concentration of the mineral matters is also greater. The 
figures for chlorine in the Illinois are so high as to indicate a degree of dilu- 
tion but little in excess of that which obtained before the Drainage Canal 
was opened. This may be accounted for in two ways. The flow through the 
canal was allowed to drop from 300,000 to about 25 ',000 cubic feet per minute 
which had some effect, but the important point is this, that because of the 
extreme dry weather of 1901 the flow from the tributaries was very small. 
An unusually large fraction of the water leaving the Illinois at Grafton was 
therefore Drainage Canal water, and the important element of dilution was 
accordingly not satisfied. The small volumes of water passing from the slug- 
gish tributaries into the main stream were comparatively concentrated or- 
ganic extracts in which oxidation was far from complete. It must be recalled, 
in addition, that the contamination from the Peoria and Pekin distillery cat- 
tle sheds is a factor not to be overlooked at this season of the year. It is not 
an easy matter to secure accurate data regarding the number of cattle fed at 
these places, but in the Fall and Winter months the number is always large 
enough to make this form of contamination of the highest importance in de- 
termining the character of the water in the lower river. 

Somewhat similar conditions prevailed in the Missouri in the Fall oi 
1901. The river was unusually low and the organic contents correspondingly 
high. During August and the early part of September I had occasion to ot)" 
serve the river at several points between the mouth and Kansas City at^^ 
noticed this bad condition. It will be seen that the chlorine in the Missou ^' 
is nearly as high as that in the Illinois which points to the same fact C^^ 
small dilution. The organic matter in the Missouri is derived from sever; 
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sources. The population and the stockyards industries of Kansas City» 
Omaha, and other prominent places, contribute a larg-e share, as does Chi- 
cag'O to the Illinois, but aside from this an enormous amount of org-anic det- 
ritus of vegetable orig-in is washed into the tributaries and finally into the 
main stream from the peculiar soils throug-h which the waters flow. The 
org-anic contents of the Missouri is even higher than that of the Illinois, 
and, all thing-s considered, is of the same g-eneral character. The slug-g-ish 
flow in the Missouri for the period under consideration, has this important 
consequence that it prolong-s the time through which oxidation may take 
place, which is very desirable, especially in the colder months. It is evident 
that in the case of the Illinois river in the colder weather the flow is too 
rapid to permit of the fullest possible oxidation. The element of time is 
always of the first importance here, and with decrease in temperature more 
time must be allowed for the various stag-es in bacterial oxidation. The 
presence of the dams in the Illinois river is, therefore, a factor favoring the 
fuller oxidation of organic matter since these dams retard the flow of the 
water to some extent and prolong the contact of the decomposing substances 
with the oxidizing bacteria. 

In each series of examinations new conditions are presented and in a 
measure new results are obtained. It is not always possible to offer a rational 
explanation for these results as we are still far from understanding the exact 
conditions for the most perfect bacterial oxidation. In studying the above 
figures for the Illinois we are impressed by the high values given for nitro- 
gen in the nitrate form during the Fall months and with the high free am- 
monia during the Spring. In the first case the excess, as compared with the 
1900 Summer results, is doubtless due to diminished dilution, but the high 
free ammonia of the Spring is a consequence of unfinished or retarded oxi- 
dation. In the work of the Spring of 1900 it was found that more of the 
nitrogen had been oxidized to the nitrate stage, but on the other hand, in the 
1902 work we have less nitrogen remaining in the albuminoid ammonia con- 
dition. For the Fall months the total organic ammonia (Kjeldahl) and the 
albuminoid ammonia are nearly the same for the Illinois and the Mississippi^ 
while for the Missouri both factors are very much higher. For the Spring the 
Mississippi exhibits the best organic condition, with the Missouri far worse 
than the Illinois. 

In examining the results obtained in the bacterial tests it will be noticed 
that the Illinois and Mississippi are much nearer alike than are the Illinois 
and Missouri. The bacterial count is at best a somewhat uncertain datum, 
but it will be remembered that these waters were taken under the same con- 
ditions, packed in the same way and that they reached Chicago with the 
same delay always. The results must have, therefore, some comparative 
value. In the mean the count for the Missouri river is very much higher 
than for the Illinois or the Mississippi, and the evidence from the coagula- 
tion of milk and the formation of indol is strong in showing the markedly 
greater contamination of the Missouri. Everj'thing indicates that the or- 
ganic matter present in this stream is in a much less advanced stage of oxi- 
dation than is the case with the other two. As to the character of the bac- 
terial organisms in the three cases I refer to the valuable observations of 
Professor Zelt in his report. 
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It is now almost universally recog^nized and admitted that the self-pnri- 
fication of a stream is largely a matter of successive bacterial oxidations and 
reductions. The question naturally suggests itself: To what extent may 
this be controlled or hastened on the large scale. It is well known what may 
be done in the bacterial purification of volumes of sewage, not too large, by 
the septic tank and contact bed processes, but the sanitarian would hesitate 
before attempting to apply analogous processes to the treatment of a large 
river like the Illinois. Yet I believe that something of this character will 
be undertaken, and probably in the not very distant future. What is taking 
place in the pool between Peoria and Pekin is a suggestive object lesson, and 
what is there done by nature, I believe may be duplicated or controlled by 
art. The conditions which there prevail make this stretch of the river be- 
low the cattle sheds of the Peoria distilleries a great septic tank in which by 
the aid of myriads of bacteria enormous quantities of organic matter are 
rapidly broken up and put into form for final oxidation. The flow is slug- 
gish here and time is given for the desired changes. To apply this general 
process further it might be necessary to artificially widen the river and re- 
tard the flow at some point below Pekin, and in the basin thus formed to 
enrich the bacterial flora by greatly concentrated pure cultures of the neces- 
sary species to rapidly advance oxidation. It may naturally be urged that 
the efforts of nature towards self-purification cannot be improved upon ex- 
cept at an enormous and prohibitive outlay, but I cannot fully agree with this 
idea. At the present moment such an undertaking would be practically im- 
possible because of our lack of knowledge of the specific bacteria which are 
most active under different conditions. But to obtain such knowledge is 
certainly not beyond our reach, and in general should be secured from char- 
acteristic cases as illustrated by the following figures. In the Summer of 
1886 and in the Summer of 1899 examinations were made under conditions 
apparently identical of the water flowing in the old Illinois and Michigan 
Canal between Bridgeport and Lockport, a distance af 29 miles. The collec- 
tions were made at the same place and were numerous enough to furnish 
fair averages. The more important analytical results, in parts per million, 
were these: 







1886. 


! 




1899. 




Free 
Ammonia. 


Alb. I Oxygen 
Ammonia. | Consumed. 


i Free 
Ammonia. 


Alb. 
Ammonia. 


Oxygen 
Consumed. 


Bridgeport... 
Lockport 


26.56 
12.73 


1.63 
.75 


26.2 
11.0 


19.84 
19.85 


3.22 
3.37 


26.65 
27.90 



In the two cases the water passed through the 29 miles between the two 
stations at about the same rate, perhaps 40,000 cubic feet per minute, and the 
initial contaminations from city and stockyard sewage were approximately 
the same, yet in 1886 we had a very rapid oxidation while in 1899 no change 
was evident. Why the bacterial scavengers were so much more active in the 
one year than in the other can not now be explained, but the difference in 
activity was probably due to some simple conditions in the water which 
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closer chemical investig-ations could have disclosed. A difference in acidity 
or alkalinity or in the amount of gas works refuse present may have had 
much to do with the bacterial growth and activity. In 1886 when the 
destruction of organic matter was so rapid in the canal the rate was con- 
tinued through the river, and at Peoria the water of the Illinois was practic- 
ally pure and safely potable. Bacterial tests, made at the time, but not 
published, showed a remarkably small number of germs. This condition of 
relative purity was not approached at Peoria in 1899. 

In any event something was lacking in one year which was present in 
the other, and before being able to undertake the large scale purification of 
a stream these conditions must be determined by searching bacterial and 
chemical tests. The nature of the organisms which are the most efficient 
when the greatest oxidation is attained, under certain conditions of water 
temperature and mineral content, may be determined by observations 
extended over a period of time, and I am of the opinion that such informa- 
tion may be applied to the correction of unfavorable conditions when the 
oxidation rate appears to drop. 

What may be called the normal elements of the sewage as discharged 
into the canal, that is the household and stockyards waste matters, are prac- 
tically constant. The increasing and variable element is the manufacturing 
waste and on the nature of this many of the variations in the bacterial 
activity doubtless depend. These conditions for the Illinois are worthy of a 
close study. Yours, respectfully, 

JOHN H. LONG. 
Chicago, July 15, 1902. 



POSTSCRIPT. 

Since writing the above I have had an opportunity of making an exami- 
nation of the Illinois river throughout its whole length and of learning cer- 
tain facts independent of the results of chemical analysis. These facts have 
been gathered from the health officers of the several towns along the bank 
of the river; from boatmen, fishermen and others who have been familiar 
with the character of the stream for years. All the information thus obtain- 
able goes to show a much improved condition of the river as a whole, and 
special improvement in the stretch between Henry and Peoria. The water 
appears, in general, cleaner in every respect, and in and above Peoria is 
even used for drinking purposes by hundreds or thousands of people. The 
reports of the health officer of Peoria show a practically complete absence of 
typhoid fever among the users of the river water in that city. 

Immediately below Peoria and Pekin, on the other hand, there appears 
to be an increased defilement of the river, which undoubtedly finds its expla- 
nation in the fact that the more rapid flow hastens the water through the 
septic basin below the Peoria distilleries and thus gives less time for the 
oxidation processes which take place there. Under the old conditions a 
large amount of organic sediment collected in this part of the river and 
decomposed gradually. Now much of this is carried farther and may be 
noticed at times as far as Havana perhaps. The effect of this is, therefore, 
to retard the completion of oxidation and leave certain reactions to be car- 
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ried out in the lower portions of the river. Of course, exactly the same 
results could follow from the increased flow of perfectly clean water from 
Lake Michifran or from heavy rains, as the organic matter here in evidence 
is the slop refuse and cattle shed waste from the Peoria and Pekin distil- 
leries. This matter is now hurried along" instead of being allowed to settle 
or to accumulate in the form of islands of filth. 

Below Beardstown the increased volume of water in the river has resulted 
in furnishing generally improved conditions, which are the subject of com- 
ment by the river people. The old stagnant stretches are no longer found, 
and nothing remains to suggest by appearance organic pollution. At 
the time of the present writing the river is unusually high and thousands 
of acres are covered by the overflow. This condition is not normal and does 
not favor rapid oxidation. But the large normal overflow area along the 
Illinois is sufficiently great to provide, in ordinary seasons, time and place 
for important oxidation and purification processes. This fact should be 
kept in mind if the river is to be considered as a source of potable water. 

J. H. L 

April 25th, 1903. 
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IDENTIFICATION OF PATHOGENIC AND SEWAGE BACTERIA 
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BY F. ROBERT ZEIT, 
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NORTHWESTERN UNIVERSITY MEDICAL SCHOOL, 
CHICAGO. 

Dr. Jas. a. Egan, Secretary of the Illinois Slate Board of Health: 

Dear Sir: — A comparative examination for pathog^enic bacteria found 
in the waters of the Illinois River at its mouth (Grafton, Illinois), the Miss- 
issippi River just above the point of entrance of the Illinois, and the Mis- 
souri River (a short distance above its junction with the Mississippi) during 
th mouths of October, November and December, 1901, and February and 
March, 1902, reveals the significant fact that during these months the Miss- 
issippi and Missouri Rivers contained more pathog'enic and sewage bacteria 
than the Illinois River. 

My former report showed that bacterial self-purification of the Illinois 
River beg'ins below Morris and is practically complete between Henry and 
Upper Peoria and any marked pollution found at Grafton must be due to 
other causes than the drainage canal. The results of the present examina- 
tion only tend to strengthen the views expressed in my former report. 

I have tabulated the results of the bacteriological investigation and the 
bacteria which have been identified. 

In accordonce with your request to examine only for pathogenic bac- 
teria, no attempt has been made to establish the complete bacteriological 
flora of these waters but I have identified nearly all the bacteria grown on 
our Agar plates. 

The water samples received by Prof. J. H. L/ong were plated- out on 
Ag-ar and Glycerine Agar and grown in the incubator (37°C) for ten days, 
during- which time they were under observation, Control plates were made 
in all cases. 

Pure cultures were made on different culture media whenever necessary 
for purposes of identification and in a number of instances the pathogenic 
effect of suspicious cultures was tested by intraperitoneal inoculation of 
Ouinea pigs. 

The number of water specimens examined is: 

Illinios River, 38. 

Mississippi River, 37. 

Missouri River, 36. 

The Agar plates grown at 37°C of the Illinois River water near Grafton 
remained sterile six times: Nov. 11, 12, 21, 26, 30 and Dec. 6. All the plates 
of the Mississippi and Missouri Rivers showed growths. 
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Of the bacteria identified the foUowitifi^ were found most frequently: 

NUMBKK OF TIMBS FOUND: 

ILLINOIS MISSISSIPPI MISSOURI 

Bac. Coli Communis 13 19 26 

Proteus Vulfjaris 6 7 21 

Bac. Mycoides 11 15 12 

Bac. Mesentericus 11 19 14 

Bac. MegatTiuiii 6 11 9 

Bac Subtilis 17 IS 13 

Bac. Liquidus 4 6 2 

Bac. Enteritidis 1 3 4 

Bac. Acidi Lactici 2 4 

Mic. Candicans 1 4 11 

A number of other bacteria have been identified and are g'iven in the 
following- tables under "Other Micro-organisms." 

During the early spring many of the water specimens from all three 
rivers contained numerous spores of hyphomycetes, Mucor, Aspergillus and 
Oidium. 

I. Tabulated List of Findings, Illinois River. 
II. Tabulated List of Findings, Mississippi River. 
III. Tabulated List of Findings, Missouri River. 

Respectfully submitted, 
Chicago, July 18, 1902. F. ROBERT 2EIT.'' 
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j8 Water Specimens from Illinois River. 
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J7 f^ai^^ Specimens from Mississippi River, 
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j6 IVater Specimens from Missouri River. 
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